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(21) Patent Application: Hei . 3 (1991) -147949 

(22) Application Date: May 22 , 1991 
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Ricoh Co. , Ltd. 

3-6 Nakaraagome, Ota-ku 
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(72) Inventor: 



(74) Agent: 



Naohiro Ueda 

c/o Ricoh Co. r Ltd. 

[ same address ] 

Shigeo Noguchi, Patent Attorney 



(54) Name of Invention: Semiconductor Device and its 

Method of Manufacture 

(57) Suranary 

Purpose: To form contact holes and through holes with 
smoothly sloping walls. 

Makeup: BPSG film 22 is laminated about 600QA thick on 
silicon substrate 20, and NSG film 26 is laminated about 
2000A thick upon that. Resist film 28 is formed with an 
opening in the region where a contact hole will be made in 
NSG film 26. With this resist film 28 as a mask, isotropic 
etching is done on NSG film 26 until BPSG film 22 is ex- 
posed. After removing resist film 28 r anisotropic etching 
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is done on the entire surface using CHF 3 etching gas until 
substrate 20 is exposed. 

Scope of Patent Application 

Application Item 1 A semiconductor device in which metallic 
wiring is formed on a substrate with interlayer dielectric 
film interposed, with this wiring and the above-noted 
substrate connected through a contact hole or through hole 
in the interlayer dielectric film, and with its walls sloped 
so that the above-noted through hole or contact hole open 
out upward. 

Application Item 2 A method of manufacturing a semicon- 
ductor device that includes the following processes (A) 
through (E) for forming metallic wiring: 

(A) A process to laminate first dielectric film on a 
substrate and laminate second dielectric film on that to 
form a dual-layer interlayer dielectric film structure, 

(B) A process to form a resist film for etching on the 
above-noted interlayer dielectric film and using photo- 
engraving to form a resist pattern having an opening xn the 
contact area, 

(C) With the above-noted resist pattern as a mask, a 
process for isotropic etching of the above-noted second 
dielectric film until the above-noted first dielectric film 
is exposed, 

(D) After removing the above-noted resist film, a process 
for anisotropic etching the above-noted first and second 
dielectric films until the above-noted substrate is exposed, 
and 

(E) A process that laminates metallic film from above the 
above-noted interlayer dielectric film to form patterned 
metallic wiring. 

Application Item 3 A method for forming the semiconductor 
device described in Application Item 2 wherein the rate of 
the afore-noted anisotropic etching is less for the above- 
noted second dielectric film than for the first dielectric 
film. 

Detailed Explanation of Invention 



0001 Field for Contnercial Utilization This invention 
relates to a semiconductive integrated-circuit device and 
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its method of manufacture, and specifically bears on a 
seraiconductive integrated circuit device and its method of 
manufacture which is characterized by contacts between the 
silicon substrate and the first metallic wiring or contacts 
at the through hole between the metallic wiring. 

0002 Usual Technology To prevent resistance increases and 
wiring breaks in semiconductor integrated circuit devices 
and so improve their reliability, slopes are made on the 
walls of contact holes or through holes, thus improving the 
coverage of the metallic wiring in the hole area. 

0003 Figure 3 illustrates one of the usual methods for 
giving a slope to the walls of contact holes. 

(A) BPSG film or the like is laminated as inter layer 
dielectric film 4 on silicon substrate 2 which is to be 
connected with the metallic wiring, resist film 6 is applied 
onto that for etching, and photoengraving is used to form 
opening area 8 in the contact hole area. 

(B) With that resist film 6 as a mask, isotropic etching 
is done on interlayer dielectric film 4 to the extent of 
removing part of it to form depression 10. 

(C) Next, with resist film 6 as a mask, anisotropic 
etching is done until silicon substrate 2 is exposed. 

(D) When resist film 6 is removed, contact hole 12 will 
have been formed with a slope having a winecup-shaped slope. 

0004 Problems the Invention Seeks to Resolve Because 
contact hole 12 formed in interlayer dielectric film 6 is 
winecup shaped in the method shown in Figure 3, it is not 
easy to get adequate coverage of contact hole 12 even though 
the metallic film for wiring is later laminated from above 
interlayer dielectric film 6. This invites contact 
resistance increases just as before. 

0005 This invention is one with the goal of providing a 
method for forming a contact hole or through hole whose 
cross section is not the usual winecup shape, but has a more 
gently sloped wall, thus providing a semiconductor device in 
which the metallic wiring connects to the substrate via such 
a contact hole or through hole. 

0006 Means to Resolve the Problem With the semiconductor 
of this invention, metallic wiring is formed on the sub- 
strate with an interlayer dielectric film interposed. Not 
only are this metallic wiring and the above-noted substrate 
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connected through a contact hole or through hole in this 
interlayer dielectric film, but also the slope of the 
above-noted contact hole or through hole is slanted so as to 
spread upward. 

0007 To fabricate such a semiconductor device, the approach 
of this invention is to include the following processes (A) 
through (E) for forming the metallic wirmg. 

(A) A process to laminate first dielectric film on the 
substrate and laminate second dielectric film on that to 
form a two-layered interlayer dielectric film structure, 

(B) A process to form a resist film for etching on the 
above-noted interlayer dielectric film and using photo- 
engraving to form a resist pattern having an opening in the 
contact area, 

(C) With the above-noted resist pattern as a mask, a 
process for isotropic etching the above-noted second 
dielectric film until the above-noted first dielectric film 
is exposed, 

(D) After removing the above-noted resist film, a process 
for anisotropic etching the above-noted first and second 
dielectric films until the above-noted substrate is exposed, 
and 

(B) A process that laminates metallic film from above the 
above-noted interlayer dielectric film to form patterned 
metallic wiring. 

With this manufacturing method it is desirable that the 
speed of anisotropic etching on the second dielectric film 
be set at less than that for the first dielectric film. 

0008 Application Exan*>le 

Figure 1 illustrates an example of applying this invention 
for contacts between a silicon substrate and the metallic 
wiring. Diffusion layer 21, e.g. an M0S transistor, is 
formed on silicon substrate 20; and that diffusion layer 21 
and metallic wiring 24 are connected via interlayer dielec- 
tric film 22' a contact hole. The contact hole is made to 
widen upward, but its side wall 36 has a gentle slope. 



0009 Figure 2 shows an example of forming the contact hole 
of Figure l's application example. 
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(A) BPSG film 22 is laminated about 600 OA thick as the 
first dielectric film on silicon substrate 20 on which 
diffusion layer 21 has been formed. NSG film 26 which is a 
nondoped silicon dioxide film is laminated about 2000A thick 
as the second dielectric film on top of that to create an 
interlayer dielectric film with a two-layer structure. 
Anisotropic dry etching will be done on this interlayer 
dielectric film in a later process. Doing that dry etching 
with CHF, gas will make the relative etching rate for the 
NSG film 1 as compared to 3 for the BPSG film so that one 
can make the relative thickness of dielectric films 22 and 
26 about 3:1. One applies etching resist film 28 onto NSG 
film 26 and patterns resist film 28 by photoengraving so as 
to have an opening in the region where the contact hole will 
be formed. Then, with this resist film as a mask, one 
isotropically etches NSG film 26. This isotropic etch is 
done until BPSG film 22 is exposed. That forms opening 30 
with a round cross section in NSG film 26. 

0010 (B) After removing resist film 28, one does aniso- 
tropic etching with CHF 3 as the etching gas. For this 
anisotropic etching the etching-rate ratio will be 3:1 for 
BPSG film 22 to NSG film 26. So, the ratio of the amount of 
etching a of the part of BPSG film 22 exposed in (A) and the 
amount of etching Y of NSG film 26 is «: Y - 3:1. At the 
area where NSG film 26 remains near where BPSG film 22 was 
exposed, NSG film 26 will be etched first and then, by going 
on, newly exposed BPSG film 22 will be etched. The amount 
of etching B there will be a value between a and y, matching 
MSG film 26' s sloped places. The broken line in (B) indi- 
cates the shape of NSG film 26 before anisotropic etching of 
the entire surface. 

0011 (C) When the anisotropic etching is continued until 
NSG film 26 is all etched away, because one made the ratio 
of the etching rate with CHF 3 gas nearly equal the initial 
film thicknesses of BPSG film 22 and NSG film 26, at the 
point in time when NSG film 26 is totally removed, BPSG film 
22 will have contact hole 34 formed in it that spreads open 
upwards as a sloping wall; and the silicon substrate^ s 
diffusion layer 21, which will connect to metallic wiring at 
the bottom of contact hole 34, will be exposed. 

0012 After that, following ordinary processes, metal film 
is laminated over the entire surface, patterned by photo- 
engraving and etching to form the metal wiring of Figure 1. 
If one adjusts the etching rate of first dielectric film 22 
and second dielectric film 2 6 with respect to the anisotro- 
pic etching indicated in process (B) , one can adjust the 
slope angle yielded for contact hole 34' s walls and create 
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contact holes with a desired slope. The techmgu of this 
invention can be applied not only to forming contact holes, 
but also to forming through holes for connections between 
metallic wiring. 

0013 Effectiveness of Invention The semiconductor device 
of this invention has a contact hole or through hole with 
sloped walls that open out upward. So, compared to the usual 
winecup-shaped contact hole or through hole, it can improve 
coverage of the metal film for wiring, reduce wiring or 
contact resistance and improve the properties of semicon- 
ductor devices. With the methods of this invention one can 
adiust to desired values the slope of the contact hole or 
through hole formed by adjusting the rates of the ^iso- 
tropic etching on the first and second dielectric films and 
so adjust the thickness of both. 

Sinple Explanation of Figures 

Figure 1 is a cross-sectional diagram showing one 
application example of metal wiring. 

Figure 2 is a set of cross-sectional diagrams showing the 
manufacturing method of one application example. 

Figure 3 is a set of cross-sectional diagrams showing the 
usual method of forming contact holes. 

Explanation of Keying Synbols 

2 0 Silicon substrate 

21 Diffusion layer 

22 BPSG film for 1st dielectric film 
2 4 Metal wiring 

2 6 NSG film for 2nd dielectric film 

28 Resist film 

30 Opening from isotropic etching 

34 Contact hole 

36 Wall of contact hole 

[Symbols for Figure 3, not listed by author] 

2 Silicon substrate 

3 [Not identified in text] 

4 Interlayer dielectric film 
6 Resist film 

8 Opening area 
10 Depression 
12 Contact hole 



